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(54) Title: PROCESS FOR ALTERING THE INTENSITY AND PHASE RATIOS IN MULTI-MODE INTERFERENCE COUPLERS 

(54) Bezeiciinung: VERFAHREN ZUR ANDERUNG DER INTENSITATS- UND PHASEN-VERHALTNISSE IN MULTT-MODE 
INTERPERENZ KOPPLERN 



(57) Abstract 

The invention lies in the field of integraied optics and communications 
technology. Here, integrated compact beam splitters and combiners are 
liighly important. These optical fiinccions can be fulfilled by "multi-mode 
interference (MMI)" couplers. With these couplers a certain number of 
inputs is uniformly distributed over all outputs. Hiese components have 
wide manufacturing tolerances and are in a good approximation, polarisation- 
independent. In conventional MM! couplers with parallel flanks d)e intensity 
and phase distributions at the output are fixed. For many applications, 
however, it is necessary to be able to influence these distributions in a 
controlled manner. The invention proposes a process tor the controlled 
alteration of the intensity and phase ratios at the output of MMl couplets. 
For this purpose, the conventional MMI couplers are first divided into 
sections- Each section is then separately transformed so that the self-imaging 
properties are retained. At the end the sections are once again arranged in 
series. Judicious selection of the transformations makes it possible to obtain 
differently controlled beam splitters and combiners. The ratios are changed 
by a simple tolerant control of geometrical parameters. 

(57) Zusanunen&ssung 

Die Erflndung liegt auf dem Gebiet der integrierten Optik und der Kommunikationstechnik, In diesen sind integrieitc kompakte passive 
Strahlteiler und Mischer von grosser Bedeutung. Diese optischen Ftrnktionen kOnnen mit sogenacnten Multi-Mode Interferenz (MMI> 
Kqpplem erfllllt werden. Dabei werden eine gewisse Anzald Elngange auf alle AusgSnge gleichmassig verteilt. Diese Bauelemente haben 
grosse Herstellungsiolwanzcn und sbid in guter NShening polarisationsunabfa&ngig. In den gewShnlicben MMI-Kopplcm mit paiallelen 
Flanken sind die Intensitats- und I%asenverteilungen am Ausgang fest Es ist in vielen Anwendungen aber nfttig, diese Vcrteilungen 
kontrolliert beeinflussen zu k5nnen. Die Erfindung stellt ein Verfahren zur kontxoUleiten Andeiung der Intensitats- und Pfaasenvexfaflltnisse 
am Ausgang von MMl-Kopplem dar. Dabei waden die gew5hnHchrai MMI-Koppler zuerst in Stitoke getdlL Jedes Stack wird dann 
separat transformiert, so dass die Selbstabbildungseigenschaften erbalten bleiben. Am Ende werden die StOcke wieder In Scrie gesetzL 
Durch geeignete Wahl der Transformationen kftnnen verschiedene kontrollierte Strahltoler und Mischer crhalten w«den. Die Andeiung 
der Verhaitnisse erfolgt durch eine ehifache tolerante Kontxt)lle von geometrischen Paiametem. 
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(2) !|#^^F8-5 0 8 35 1 

2^^jtt fzii 3 ^^7^(0-7 (MMi) ^^^<Dm:bmK^i-y^ 



C3) !|#S3p8-5 08 35 1 

^^<DM&Km CTA^J yuy h t Hit) "7 n > h 

2^7n^fc{i3:^7C<?>*7;i'^*^ KT^ (MMI) m^^<^Mmi^isif :h 

ii^c^MM IlS'^l^'Sr 2o<^-lr^' v'a >'i::^Jt z = z 0 lc*3 Jt-&5-iK 

-t^Z^a yxit^j: <mmt LT>tii$7t{±Mffll^^C> #12651;^^ ? *i^7t ^ife 
TT^L-^v^. ^1<^MM I -ti^'>3 ><7)je;||HJ:S=p^^(7)|t#=Sr. XXBt) 

4. mm<Dmm^& (^xu':ifnz^oM^i3xu'x/mtimm^<D^m^^rj 



(4) 8^^^8-5 08 35 1 

SI" t^^J±ift^<?5" X 2-MMI^-^SI" «:2olc5'»t. SlK^-t^J' 

->3 >'Ol|Ii^-:&<7)fl!|/^i^tJ[A^f^ ^fiSlicisv^T^t/i 1 o<7)fr^c^:^vfe#:tiJ: ^tk 

#1 X 2 -MM lift-a-ll" <7>2o<^ai*llll^*5V^Ti^^'5:5iJS[^5fr)6«^D*> M 

3 um<Dyomo 

8. ii^cTj" ^^#^^3 dB-MM S/c{±a^<^" ^^^T^^^a 

) ^fv». ii-^c?)" :^^^T^i^ny?>-MM I^-^l^" tcov^Ttil^M^i:: (-:& 
(T^mfzifX) tfv^x CltLtc: J: ^^rr^^K-^^v h fi 1 x 2 -e-AXT*'; 



(5) 45^8-5 08 35 1 

9. M'^CD" X a-MMIi^-g-H" m^^bKLfz 
^^oT^I^LT" t/zit" m^'^^y^^W MM I jg-a-^^rB^ 

5 tiM<0^^o 

10. m^<D" d B -MM I^g-^^l" tfzii" MW^l'mi X 2 -MM 
11^^^" i:'P^^X-»if. m^m5KL,fzi}'':^X^m\^X" ^^^y^^W t 
fz{t" m^^^yy-(Jfi^" MM I ^-^S^^rM ii'^c^" :^^^T#3 dB-M 
MI^-^H" (wOV^T{iAj!7#&#^ (MM I jgili:$B;5^f>il!loT) i|iS(7) 6 ^(75 1 
(7) ir^xl treses?) L> Jfi#<7)" 1 X 2 -MM IIS^^" tiov^Tfi ( 

t£:^«rMia^tcM:)J<^li-e±^^l-^TV>. .rate J: 19 a^=r v*"-^^ h{± l x 3 - 
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ic^tLTfi:^«<7)^i'^Jiv^7'f (^Jx.ff:^r7>?.. Si, I np. 



(7) «F^qi8-5 08 3 5 1 

i±. mM&^ifn:^^. fnj^jftf-Afsm (BPM) [2] x»4^- ( 

MA) :)5r^ [3] ^n<J:oTfT*9*t^o < 'oi!i^<om^-^ii^^^ ^ 

^ (EIM) [4] ^c^^S*Tfi«)fm:J^^'{)fflv^<^>tLSo LJfLJfVi^T.'^^JK?) 

-r [ 1] o ^<7ym^2<:><Dm 

TM" ^-Kt^tL^o ^<7)i: ^ ^iSi&J^-efi^- K:^^i:*?;U-r >'r^-7^';^'(i 
JiLff Ltf^gpfe^lw 1 o<^^- K:;6«-^t tLTV^a i t l±*355>oTv»;2>o -r^Sr*?*. 

^ It ^ kf - A ;^ 7" 'J ^ <b n > /s-^ :h -e^ o 

-*f$S^?I^Y^<S [5] {i5^J^#t4;&^'5 0 %/5 0 %(7> 1 X 2^?gc||tcMr^fffi* 
> 2o(7)ai^ffi!l<^?M<^ig'^f^ffi<?>7tie>l^L»fLtf1i^lc>Kt^p-r2>o Y^te<^SSjt 



(8) it#^^8-5 08 35 1 

[7] o mm^mc^j:\^^ "2^- k" =fm (tm i) i^-^t^ [s] Ji2 x 2;^-/ 
-mm^^mm^y- [9] m x2y!^7'i;-yiJ'HMi--5>/hM<^^^^s-e^:& 

- "yv-:^^-:^" 7.9-ij-f'7 [10] {iN~<?)A:t7ffifl*«#^S;?*tTv^'5rv^ 

2, 2X2, 1 X 3:^7''; -y :J'tl^LTI±ik<ig?'S:V^o 'S:Hf^^5^JK^^(^^ 
ia#-Cfi"7;w>?-^- (MMI) ^-^11 [1 1] [12] [3] *«#5-<ffl 

Se^^#tt<7)mSt^ J:oTi<7)j^'^^{i2:^7n [12] X{i3:^7C [ 1 1 ] 
;}-^^_-^,^N~XN7.-:/'J y^h. LTf^ffli-*o C:<^il^<^MM I Jg-^^^fili 
^U^Stj^ [3] «:5t-r-i>^^-e$>i>o ffibCic^MM I j^'^||fi^i|rg'5:J^>7-:^«r 

i^lT-fi "ifi-^cT)" MM I ie-^^<7>#ti^Ml^^^^^t;i>'Mg-e$>^o 
MM I ^-^^Icov^T : 

afe^J'5rJ^-7-:^Sr^-r«.MM I)^-&§|<^)— j!£fl<J'5r?i^i|{iia 1 alc^^tLTv^s [ 
3] [1 3] o il'ir<^ "^^^^^^NXN-MM I^-^lf" \t. =7>7K-^> h 



C9) 



1^^8-5 08 35 1 



. ,M. ,3. , _,M. ,3- n _ ,3. ,4 VV^. 

L=iji)- ij) i-c- (77) • ^Ji T^^^ ^N^ ■ ^A^ • ^3"X> 

( ^ 1 ) 

'5:5tJK#tt^co;5:5{>«;2,o ^:<7) J: 9 '5:^~:^{4ii^<7) "SSBT^" MM I l^-^^l 
(^J^-^-C^i&o i*t{i/f^i^-'5:5^JS#14S:JirL#**^ ©I® (±-C§ J^v^o C:<7)# 

IXN-MMIIg-^gl (Hlb) V<D^i3mU-^fi^ [13] 

[1 4] o :g? = Lf4 (M/N) X (3 Lc/4) t^^b^o ^ O^i-^ L c fSmie^ 

ii^<^ 2 XN-MM lig-^lf-efi^ ^-K2, 5, 8 tiSj 



^^^8-5 0 8 3 5 1 



m$fl^£^^ [3] [ 1 3] o C:*L{i2ooA*ffi9*^/3 2WX3KmW:^fi 
&:itKX^Xm^^fl^ mi c) o iC:H^»t*:g^L= (M/N) XLc 

C!:tt{iv;i/f-*- Ym^^^i^ =y 3yx^^<, ^L^iLXki^-/ Vi}^m^\X\t^j: <^ 

MM I^-a-Hfi. Ji'^<^3fe^Jj:.'y v?$r^-r^MM -9 =2:^1^ .to 

T^:b?tL;S)o I^Ci^fi— St-r&^e^l^J: oT'b#f>*t;i> [i 5] o iiilT-eji:^ 

J -f n 1 itxiom t ^tiMii^ ''mm^ -j ^jw mm i m^^<o^^x\mM.x: 



i^JLyi^" W<7)^JK-e$)-g>o (Ro • Aa) i: (Ri • A a) {i " XtiRV'tHttin 

^^^1^mz.XoXm.^^A.htiX\^^:bo ^-i^:*-^ Aii^m^y -JKM-T^ ^ o 

M ^ ^ tt ^ o 

MM I |£'^f^(4H:^7cB-e={)*JSnrtg-trib^ [1 1] o ^ <7)H^ '{>m^<7) J; 9 




( ^ 2 ) 



(XT) 
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^i>'^t^x) fi/hM-c^'J [16] [17]. 0'^KSiU^£m^i^M-t^$¥^^ 
3t^>#l,-^*)So MM I jfe-a^^f {iN~fc N<^^g5&VjN?v^N~XN-;^-:^U y^tL 

m<o:}om^X':>xm^^ii^o 
V 5i e^wi* t ^m-r^ ~^^7tx \t 3 :^7c (Drntz^^uui t^^^ \z 

*3 tt ^ J^T<7)^M>5^ ^ ^ o 



02) !i$a¥8-5 08 35 1 

-^7nX{iH:^7n<7)-7;^^^- KT#M (MM I ) ^-^tlom^jffiUJ^iisJt^^S 



(13) !|#^¥8-5 08 35 1 

:it^j:<':i^i^^ii&o ico;^^(±J^Tox-r -y^-egto^tL^o 

-il'^<7)MM I B^Wt 2 oc7)-bi^-> 3 ^^tr^tlj-r* ( z = zoC^IS^f l^^tt^ 

#-tr^->3 y<DXtiit}y'oy V iinXU^m±iz^^o :Lihh<oyuy}-a:>7f~ 
%^<D'¥'L''W><D^^^m^^^^tKii<^xmw^^1fhii^ (1112) o "t^L^^-e 

-rso ^■b^v'a v<^:g$(imia^ (2) \,z'^-oxm^^fi^o msk^fi^m^ 



(14) #«¥8-5 08 35 1 

A aJ^Vh^V^^-g-HJitfrlB^ (2) <7)^iS (Ro • Aa) t (Ri • A«) #^ 

^l^miH^l^^:ftrfB]coX'f p« >-> 3 >'Wo;5l?>' (Wo + dWi + d W2) 

n5[IlEi-e^;i>o 2o(7)R5illAo i: Ei<7?M(7)f|^ ([2l2#;f||^^) 

Wi t dW2<^S«^lcJ:oT3^^6<Hc^^b$*v, m^^U (T#-/n -b -ij-) otU 

flfr^L/.::^^fe(i> 1 X 1 -, IX 2-, -7.-/') y ^^^Tt-ti>tztbK 

:)?i£tilll 3 5 *l;&o H 3 "CJi l x 1 -X(4 1 x 2 - j^t'V 

^2(7)ai*ffi9 (113 b) tc^v^T:^#i^M^*L-2,o =r U-^^ iJ^Si&l^Ji^nix. ff 7 



CIS) 1^^8-5 08 35 1 

mSiW^h LTf^ffl^tLi,^: i: 'bnrtg-^*>So 114 a, b fi 1 x 2 -7. 

:;i5^?tLTv^:&o 115 a-e(i^ |WI 2 ocomiJffl ^^-T-^) 1 x 3 -7; 7*'; 

finr^-C$)«>o 

BTig i: ^Sr S o a-^^^MM I jg-^tlO J: -9 ^^<7)|lf ;t "b^hM-C* l5 ^ 

t^T'^a (113a, b) o '^h^£^nh\^xwm^tttii^n—^£^tiim.-^^-f 

^1X2, 1 X 3;^7'U y ^^)^3fet:i«t#L^v^J:9 H-?-LTi^#Slit^lll*|-C 
^^tC35^-o/hMlcS^itwrigT?a^:g,o " y'J ;^ ^ - tibiK L 
'C^^(^fr/j'5:MM I ^-a-gftiN-h N<7)-fil>^)Vh^v^N~XN-x:^'; ^ t LT 

o 



(16) 1$«^8-5 08 35 1 

mi 3LH^n^j:J^y 'J^^-ti>MMIi^^^ 13] [13] <?5— jKtKJ'SrBB* 

L = (M/N) X 3 Lc. 

IdOJ^-^LcJiflfrlB^ 1 ioT-^X-^ti^ (A=l) t 

iiibfi^ MW'e- h'<o^<Dmmi^x^m'^<o "MW=fmm" ixn-mmi 

m^^-C^i^ [13] [1 4] o S${iA = 4<7>^^J^T<^ii'9-C2b*o 
L= (M/N) X (3 L c/4) 

la 1 c (iS-^cT) "PT^^^lF^?!^" 2 XN-MM I^-^HTa^^o CKOli'^^- 
F2. 5, 8 amm^fl^J:^^ [3] 11 3] o M^ii^^X-HA= 3<D^^ 

L = (M/N) X L c 

ipi^^'J -Tlc^/h$*L. >?-Cl>5>«b<±Siy'U -Ttc^«B<^^S •^J!t:^?tLTi/^^o 
112 bfi. "m.^y'i^y^^" MUM I i^^-C^ o :L<oi^^^-Cii<^'L't 

11I3{± 1 X iXfi 1 X2 7.y^) y^^:Jly^^m^^'^mm.mXX-i>-:>X^7k 
^-r^ 1 X IT.-/'; y tJ^^r^L. 13 3 b Jin rJ'^^feg&jJ-^ti-* 1 x 2:^7' 'J 

ti. 1 X 2 >!.7"'J y ^ t L-CO " iMM) ^"^^ 7 3 d B" MM I 



(17) 4$^¥8-5 0 8 35 1 

3dB" MM I tLTl^^^o 2oom;t>^i!I<7)W<^5^JK#'I4^i^ "PI 

fi. 1 X 3 ;^ 7" 'J ^5^ i: LX<D " iKU) ^"^^ y 9^ MW=fmM 1X2" MM I 
^-^§|*«^$tLT(/^So ^1'ffi!l<^ai;tjfflllt{*lffi!l<^)m;blllt<^M<?5^Jg#14J4. mid 

yr<7ym4^%^xitm:i^mm^x^xmm^fi^ (^5) » las bj^«i x3:^y 

dW=0. 3 8xWo<5^'^iS{-*^bTliPl=P2=0. 
44XPi„S:UiP3=0. 12P,„-X?*,So 

HIS c fi 1 X 3X7*'; y iJ' LT<7) " (^^) /^^y^^" UMlf^^^<Dm2 
4 4X Pi„J5:tJtP3=0. 1 2 Pt«-C*)5„ 

^ 1 H 

TV>S [3] [13] o il'^<^" ^^T^NxN-MM Ue-^H" f4> L = (M 
/N) * 3 Lcicj: t9fe«f><b*L&=r:^**-^> h <7)g3i L Id J: >9#®o*tt lb^^-C^/^ 
So :i<r>m^. Lcfi^l IwJ: >9 5g«:)t>tLTV^S (A=l) o ^d-C/Jot^iJi 
. MM I ^'^§fc7)S;g?]co 2 o<7>^- Koa^^ic-Cife So W(iMM I ^-^^f^cT^ipS 
n {4MM I -biJ'-^ 3 >'Hfe>tS^ ^t'-;' i5^;^'e*)So X iim^'P<r>^M^ 
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ii^Mi^m^ Lxx\^>o mm^ (m/n) iimm^^^^rm-v-i>i><D'c. 

Lti-t;U7-f ^--:^>iy'&V^LSeiS^ (Selbstabbildung) \,z3s\,^X^*l^M 

3] [14]oS^{±L= (M/N) * (3 Lc/'4) -C*) »5 ^ iil^fel/^TLc 
fi^l-ejE*^tLTv»2) (A=4) o n^"^- Y^iXttmxmy^^h^^^tKi-j: 
So ii-^c^" ^^^T'^" 2 X N-MM I ^- K 2 , 5, 8. . 

. fiiam^tLJ^v^ [3] [13] o ^(7>i<!:{i. 2 0(^A;tJffl:^^W 3 *3 i l^' 2 W 
/'3 t^eea^tlSClt tCi: >9 3t5fe?tLS (^l|l<7)c) o C:<75^-^> :g$tiL = 

(M/N) *Lc-e*)>9^ i<7)J^'^^ A = 3-e$>So K{i^^-e*^?^ N 

^2 [1 



(19) #^^8-508 35 1 

7n> h<7)^— ^35^t,^ #MM I -bi>">3 >M-ei£ffi^:&«feC*o ^<r>^}i\^i- 
^^7&^'+*:-e55-tt'b*tTv>s/itt-e*)-g>o I^2l2<7>a) \t" /"^^y^^W mm 

o 

-&0 A a^dVh^iV^i: ^2t^^V^T'(lfi (Ro. A a) iSii;^ (Ri. A«) 
•^^Wofc (Wo + dWi+dWi) H^L<m*flcMi-*Cli::i6«-C§So ^<r>m 
d Wii3 J; ??"dW2 fi. " ^ -7 7 51^" MMI^^^K^\^^Xiinx^^ ( 

#A;t)ffl{i^ ^1 <^MM I -tiJ'e/g >^rSLTai;t;'7n>' h (RSfiAo) ±-e 
§fe^?ti*o C;h.<bO^£+i^li. dWi t dW2<7)M^l::J: f^^S^fitJl^^^b^-^ 
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a) :Lfnt:2u^ ^mmi^^m^tz 1 x 1 -XT''; y^-c^y^o mi^(D" m^=^ 

W 1x1 -MMI^-^tf (iOli#N= 1. M=l, A=4. ^ItriSL) 

(/^ t ^ li^ii^5?t;:igL-Cv^^o zo, dW, d x Offlm'Srfittiv 5 ^ V- v a 
y-fuy^h. (;ttx.{fBPM [2] f;ttiMA [3] ) m:»5^m-e^So 

{iv>35^>:e:2>Rlt'b^C'iv>J: ^ ic^r^o Sife^l:: <t "9 JE* ^ tL;& ^ t ^5: < . felt 

" 1 X 2-MMIi|g'^^ (C:<75^'^N=2. M=l, A=l, ^W^H^L) 

\t. -fiASz = zoici3v^T2on^>tf>tL;&o ^ 1 <^)-fe^-> 3 >{4— :^<^fl!|-e'fit 

Clt7&«-e§-2>o 19 2oo^:i6S2o<7)£b;!3iiJCi3U^T^LV^5^S-emttSo z 
^ zo<7)^:*«/jN$v^i: ^twigfetr^SfHigLTv^&o zo, dW, d x <^3|tm'5r'litf4 



C21) 4#*^8-5 08 35 1 

. ->5 J. lx--> 3 >7'n^^^A (Tttx-lfBPM [2] tfzltMA [3] ) l-<t 

/N*^79-fB" ^JiC^'" iS&/^'^5^7 7'<B" MM I {^#§1 

a) CltLfi 1 X 2 y ^ t LT<?5" (aSS) /-^'^^^^J^S d B" -MM I 
i^^^X^^o ii^<^" ^^^¥*3 dB-MM IlS-^lf imim<Dc tcJ:^ 2 
X 2 -MM IlS'^ff^ ^<7)J^'^M=1, N=2, i5XU^A = 3 t-ri>^lKX^ 
M^) it. ^^^^X^ifhi^X (0 2^(^a^ h<DXo^£) " ^^^y9-(W 

w ) tfzim^ c ^/>'^7'7-rB" ) unm^ mmxi^miiZ) ff^^tL, o 

J dWi = dW2= dW/2-e*^ m2m<02i, h) Si^am^^fl^o 
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